This study examined the relationship between TV viewing and three year change in BMI among a community-based sample of 176 men, 428 high-income women and 277 low-income women who were aged 20 ± 45 years at baseline. Cross-sectionally, TV viewing was positively associated with BMI among women, but not among men. This relationship was strongest among low-income women, with only a marginal relationship among high-income women. There were no signi®cant relationships between change in BMI and number of hours of TV viewing at baseline, average number of hours of TV viewing over the three year follow-up, or change in number of hours of TV viewing from baseline to three years. These ®ndings suggest the link between obesity and TV viewing is complex, and that TV viewing may not be the simple marker of sedentariness we may have hoped.
Introduction
Obesity is common in industrialized and developing countries, and its prevalence continues to rise. 1 Recent discussion of the possible causes of this phenomenon have often highlighted the role of television viewing. Television viewing is unarguably the single most popular form of recreational activity in the US and other developed countries, and is presumed to have an impact on obesity through its adverse effect on total energy expenditure. But does TV viewing deserve to be villainized? Over the past 10 ± 15 years, numerous studies have sought to determine the role that television viewing plays in the aetiology of obesity in children and adolescents 2 ± 16 and adults. 17 ± 26 However, there have been relatively few studies that have examined television viewing and weight change prospectively, including only three that have considered this issue among adults. 24 ± 26 We present an extension of ®ndings from a previously published study of adults, that found suggestive evidence for a prospective association between TV viewing and weight gain over a one year period. 26 This report extends the analyses to three years.
Methods
These data are derived from a community-based study of methods for preventing weight gain with age. 26 Men and`high-income' women (annual household income of ! $25 000 were recruited to the study by means of direct mailings to university employees and through media advertisements to the public.`Lowincome' women (annual household income of $25,000 per year) were recruited through the Supplemental Nutrition Program for Women, Infants and Children. Subjects were randomly assigned to one of three treatment conditions. Half of the subjects were assigned a no-contact control group, one-quarter received education through monthly newsletters, and one-quarter received education plus incentives for participation. Subjects included in the analyses reported here are those who were aged 20 ± 45 y at baseline, healthy, not pregnant in the year preceding the study or during the three years of follow-up, and for whom baseline and three year follow-up measures on weight and TV viewing were available. The analyses are based on 176 men, 428 high-income women and 277 low-income women, representing 77%, 71% and 68%, respectively, of those initially enrolling for the weight gain prevention study.
During baseline and three annual follow-up assessments, each subject's height and weight (in light street clothing) were measured, and body mass index (BMI) calculated. At baseline, smoking status was determined, total energy intake and percent energy from fat were estimated from the Block Food Frequency Questionnaire, 27 and physical activity was assessed, using a modi®ed version of a 12-item instrument developed by Jacobs et al. 28 At each assessment, subjects were also asked to report how many hours of television they watched on an average day. As well as providing a measure of baseline TV viewing, the data allowed us to calculate average daily TV viewing for each subject over the study period, as well as the change in TV viewing over the study period (baseline to three year follow-up).
We examined the relationship between BMI and TV viewing cross-sectionally at baseline, and the relationship between change in BMI (baseline to three year follow-up) and 1) number of hours of TV viewing at baseline; 2) average number of hours of TV viewing over the follow-up ((baseline TV year 1 TV year 2 TV year 3 TV)a4); 3) change in number of hours of TV viewing from baseline to year 3. Data were analyzed separately for men, high-income women and low-income women, using the general linear modeling procedure in SAS. 29 Initial analyses showed that energy intake and percentage energy from fat, but not physical activity, were associated with baseline TV viewing. As a consequence, the cross-sectional analyses controlled for these dietary variables, along with age, education and baseline smoking. The longitudinal analyses also controlled for baseline BMI and treatment group (since this study was unrelated to the aims of the weight gain intervention, treatment group was included as a covariate in our analyses).
Results
The characteristics of the study population are summarized in Table 1 . The mean age of the men and high-income women was slightly over 35 y, they tended to be well educated and relatively few smoked. In addition to being younger, less educated and more likely to smoke, the low-income women also reported watching more television than the men and high-income women. All three groups had a mean baseline BMI above 25 and all gained, on average, just over half a BMI unit during the course of the study. Table 2 shows the cross-sectional and prospective associations between BMI and television viewing. Cross-sectionally, TV viewing was positively asso- Television viewing, physical activity and obesity DA Crawford et al ciated with BMI among women, but not among men. This relationship was strongest among low-income women, with only a marginal relationship among the high-income women. There were no signi®cant relationships between change in BMI and any of the measures of TV viewing among the three groups.
Discussion
The primary focus of the present analyses was on the longitudinal relationship between television viewing and weight gain over time, an important temporal link that needs to be established in order to support the hypothesis that TV viewing contributes causally to obesity. We failed to ®nd a statistically signi®cant longitudinal association between the two variables in any of the groups examined. Thus, although we did ®nd a cross-sectional relationship between obesity and TV viewing, on the basis of these results we cannot rule out the possibility that obesity leads to increased TV viewing rather than vice versa, or that a third factor causes both (for example, social class). Because the ®ndings reported here fail to con®rm our previous observation of a weak association between TV viewing and body weight change over one year in highincome women, 26 we are inclined to think that the earlier results were unstable or perhaps simply due to chance.
It should be noted that the ®nding reported here of a weak to non-existent prospective association between weight and TV viewing is actually quite consistent with previous research. For example, in their two year follow-up of participants in the Health Professionals Follow-up Study (of men), Ching et al 24 found there was a weak association between increase in TVaVCR viewing and increase in BMI. However, using four year data from the same study, Coakley et al 25 found that TVaVCR use did not predict weight gain in men aged 55 ± 64 y or men ! 65 y, although it was a weak predictor in men aged 45 ± 54 y. It could be argued that the lack of association observed in these studies may be due to error in the measurement of TV viewing, since only simple measures were used and viewing rates were lower than recent Neilsen estimates. 30 However, prospective studies in adolescents that have used more sophisticated measures have also found only weak effects. 11 Furthermore, the differences between TV viewing rates in the present study and those estimated from Neilsen surveys may well be due to the non-representative nature of our study sample (for example, low-income men were not included).
Conclusion
In our view, these results underscore two important points. First, in our enthusiasm to ®nd a causal link between obesity and TV viewing, appealing as it may have been in conceptual consistency and intervention focus, we may have rushed to judgement. The link between obesity and TV viewing appears to be more complex, and alone seems unlikely to form the basis for a successful public health intervention for obesity in children or adults. Second, while sedentary activity is likely to be a key casual factor contributing to the global epidemic of obesity, TV viewing may not be the simple marker of sedentariness we may have hoped. This and other survey data, 22, 24, 25 suggest that time spent watching TV averages 2 ± 3 had, considerably more time than is spent in moderate or vigorous physical activity, but still only 10 ± 15% of total time. To properly assess the effects of sedentary activity on obesity, we may need better ways to conceptualize and measure it.
